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(54) PROJECTION OPTICAL SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a photographing optical system having high 
resolving power and a wide exposure area and constituted of a small number of lenses 
to be used by providing 1st to 5th lens groups and satisfying specified conditions. 
SOLUTION: This system projects a pattern on a reticle R to a wafer W and is equipped 
with the 1st to the 5th lens groups G1 to G5 from a side R to a side W. The 1st group 
G1 is constituted of positive lenses L1 to L3, the 2nd group G2 is constituted of 
negative lenses L4 to L7, the 3rd group G3 is constituted of the positive lenses L8 to 
L12, the 4th group G4 is constituted of the negative lenses L13 to L15 and the 5th 
group G5 is constituted of the continuous positive lenses L16 to L22, the negative lens 
L23 and the positive lens L24. The lens surfaces of the negative lens L4 and the 
positive lens L20 on the side W are aspherical. Then, the conditions 0.4<ZiDi/L<0.6, 
0.05<f2/f4<6, 0.01<f5/L<1.2. -0.8<f4/L<-0.008 and -0.5<f2/L<-0.005 are satisfied. In 
the expressions, SiDi is the total sum of the center thickness of the lenses, L is a 
distance from the side R to the side W, and f2, f4 and f5 are the focal distances of the 
2nd, the 4th and the 5th lens groups. 
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U > X «t ft A 5 + # C >P * I > JS 15 ft * * * « « f S o 

jftoaaS**3Rt*V^T, H HRffl*»?.i2 SjWfiJtC 

U- > X«¥ G , i: , 2 #UM.±©ft U > X S: ^if iSIBfr f) © 
312 b>X8*G 2 h, 3tStW±©IEU>X*^trIES#f 
*/©ff$3 U>XfffG 3 i:, 2^W±©ftU>XS:#tfM 
JB#f*©^4 U>XffG 4 i:s »KL&«I>«:< i:* 5tJt 
W±©IE U > X * ^4r IES#f flCOW, 5 U > XSf G 5 h T- 

ii?n, an i/>xpt^2 u>xffi:©^f 

#!C lTB©##ffi*£^K mi lx>Xflli:$5 U->X 
Ph©^-rn*^-^t 1 B5©#J3cffl*£-&<fr, 2 
iD; : U>X©4''C^©*gifa, L : ^ 1 WRfrbWi 2.ffi 
WJfOSB, i:Lfei:S, 0. 4<ZiDi/L<0. 
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u>X*$t?IEJE#r*r©3S 1 U>Xi¥k, 2tttt±CD« 
b>xm«M^12l/>Xfft 3*Jm±<E>IE 
b>X£^t?IEJS#r:fttf)?fi3 U>Xi¥k, 2*WU±©fl 

< 5*!tW±0DIEU>X4^tPlEffl*f*CD^5 U>X 

S9IB* 1 U > X» 4: » 2 b > XW f: © ^ -fttip-* ic 1 
H©*»H«:$^ Suffi^4 1/>XSi:8 5l/>X»i: 
©^mfr— Sic lHO*»I*S^ lo, WT©* 

0. 4<2 i D i /L<0. 6 (1) 

0.0 5 <f 2 /f 4 < 6 (2) 

0 . 0 1< f 5 / L < 1 . 2 (3) 

-0. 8<f 4 /L<- 0. 0 0 8 (4) 

-0. 5<f z /L<-0. 005 (5) 
{SU SiDi : l^>X<D*H>JS<2£g;#l 

f 2 : ffuiB!g2 U>XW©J»jaffi(* 
f 4 : Hui3»4 U>X»©«0Sffili 

[m&m2 ] mmms i/>xsii^&< 1 «c®^ u 
>x£^t?, urea 1 ffi«<z)aK«¥». 

[RM3] tu!3^4 l/>X»tt5^fc|qlS^^fclHin 
[W*R4] mIB3SI2 U>X»«±S^fc|RlS^ofciaffl 

[»*J16 3 Huf3fg3 l/>X»tti:^^[Slg^ofciaffl 
CDlx>XtB4'J>«c< fc* ljfi^to, R*ffl K 2. 3, 
4 Xtt 5 iS*©««#¥SU 

im>m 7 3 niB^ 5 u >xwrttcnn« 0 *e« l 

[ 0 0 0 1 ] 

h U V^^-iCcfc >K JS»teS!l*2S 
ffi L * 7XXl/-h& fcr©ffi^atE± 

[ 0 0 0 2 ] 



[«W#)Wftbct-5 fc-rsKH] Jfi^. IC^LSI? 
«c ^ 9 - > * 1 £ PS. j£ C <£ 5 * ffi *s * & 

[0003] ^cn?>cDS^^fflt^e,nsK 

ffiflJU^XttttfisifJPb, U>X*C 
R#2 9*S*i:ft 0, ^#©l/>X»«*JgJn-ra- 
^Tfeofco £fttt«KU>X0SffitciBU ^itS^^J 

u L<p*ffifflu>x«c»as+^ic'>&^ 

[0 0 0 4] 

[»«ftip»-r *«fB©Bgfct, p>x 

©M^S^U L/>X©g*«/J*U ffiflaix>X©ft 
SteWfc-r&a&fc. *»BBix>XB*»ffl-rsci:tJ: 

»im©flk**2ffik:»ii5-rsHS«jS©a«** 

^ic^^r, |g l M#J^^m2EfiJiCfpJ{tTiIliC, 2ft 
W±©IEU>X*^tfIEJffl*f*<Z)^ 1 U>XPh, 2ft 
W±©ftl/>X*«tJ«JB*r*©!8 2 l/>X»fc, 3 «c 
W±CDiEU>X*$tPiEJB#f*r©»3 b>XS¥k, 2ft 
W±©fiU>X*$«fftJB«f*rcD*4 l/>X»k. 
Lfc'J>«c< t& 5 tt«±©IEb > XSr^tfiEJBJf*©^ 
5 U>XSkT-«JGfi;*tu 3! 1 U>XPkff§2 1^>X3¥ 
hcov^ti^— 1 ffiCD#Hcffi*$2K 314 U>X» 
k?g 5 U>XWfc©^"r*LJ&>— ;*£ 1 ffitf)#5;£®£'g 

0. 4<SiDi/L<0. 6 (1) 

0. 0 5<f z /f 4 <6 (2) 

0.0 1 <f 5 /L< 1.2 (3) 

-0. 8<f 4 /L<- 0. 0 0 8 (4) 

-0. 5<f 2 /L<-0. 005 (5) 
ffiU, SiDi : U>XCD*i^jpcD*BlP 

l : m iffl*e>as2EBif«)ffiBt 

f 2 : » 2 1/ >XWCD«Rjftffi(| 
f 4 : m 4 U >X-»©^ffi(B 
f 5 : f,5 U>XPcD<K^SEat 

[0005] ceo «t a <c*j8U8^tt#»m0 u >xib* 
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iBftfco©i/> xwm m urn « mm t * s • so # 

oT> *J8WT-(4, ClCDB!l«*t:aBL, — **SRfflO 

[0006] iRHMUctna, **^©jrm 

[0 0 0 7] ***©lilftlcH-raffilli:L/T 
£iKMT"&£fc#), ^«a5fc:J:SHIiECDa»3a s a«lfc:3&: 
hit, Jte¥*©«rttffi«CiE^»2 !/>XS, Xfcfc^l 

B&JtU U>X^<2H0M£lloT^£o 
[ 0 0 0 8] «lc**ftfco^T«B-r*fc, 5fe"T^ff 
(1) tt, ^1 ffii *6>S2ffl 

ffi) ST-©*K«Kt5»SU>X<DW'&<Da«3&«SH* 

: KL^^©t^5o sfeff (1) tf)Ti^£S;L£k. Iff 
1 B# 6 « 2 ffl * L *sfi8 ic ft < & 0 > ±*6D 

*ffl{b*ffl^T»*L<«c^o (1) (Z)±PS£ 

M^^h, u>x©»j^*5iajKt#<3S:t}, mmu>x 

[0 0 0 9 ] (2) tt, M^#f±/tf>!g4 U>XMt 

/tLLsffb (DX<&> D , 3: ic ^ y y y t — ; U SJ £ 0 IZ 5£ o ( * £ 

^*fijE-rs&«)©t>©T-*S. (2) CDTK*H£ 
Sk. i4 l/>X»©JH»f*#»2 l^>XP0JS#f/jiC 
*t L T ffl tc S < & S & tf>, IE© ^ ^ y y ;i/3fp * 
8<»4LTff$L<«:K (2) 6D±HSffl 

x£k, 152 U>Xfl¥6DJB*T** s ffi4 U>X»©JB*f* 

[0010] ft ft ( 3 ) fc)U IEJE*r*<Z>SB 5 U >Xf© 
E *f * <D 9 © & 131 £ J&£ L ■ fc * CD X $> 0 > ^ § & PI 1=1 



(3) ©THftjlS^Si:, SB 5 1/ >X»Offlj|f*#*g 
<«cO-T¥, ^5 U>X»JCT^©Mffl4Rll©^3&:6-r 
a©»BSiRH#«^:lc:»^-rs«t 5 left t) . L < & 
(3) cD±|5M£IS;t£h, |5 1/>XS® 

i/>x»©jH*f**4&«wfca<ao, zcDi&m. *<y 
y ^-)\sm*&mzmiE? & z tfi*x g-k^o 

[0011]fttt(4)tt, nmifftj(Dm4\y>xmcD 
JB*fir©ia«I«i:$5H*a^bfc*cD-r-fcSo (4) 

$U<&^o ^ic^f^ (4) ©±pg*Mx.^h. ^VJR 

y!V^-;i/ifP*A»C»IE'rs&«)K:tt, (4) (D 

JR^©«£*ffl*3fc«>fc:fcj\ (4) cD±BBfB4- 
0.0 4 7 U^o 
[ 0 0 1 2 ] ( 5 ) tt, SfiW^CO^ 2 1/ VXfflf© 

H#f*©a«I«i:«H*a^l>fe*CDT**So ^ff (5) 

5&»ifSL<ftK mz^kW (5) 0±i^ix.§ 

^ y ysi—jum Rt$izffim?z> ^ » ic ^f-t 

(5) cDTPSffi*- 0. 1 6 fc-racii:##£0<, ft 
cDffifflJR5ifc3VJR«*HCM»fc:*liE-ra&tttJ4, 
^fr (5) ©±PRfS^-0. 0 7 1fc«Cfc#»iL 

[0 0 13]*!C, *»«tl3^ttt, i5I/>XP^ 
C'>a< i:* l«ccO«l/>X*IB«-r*Ci:#»* L 

&^o&Mffi©lx>XB*'J>fc< fc* 2lBEK-rsc:i: 

i: tf-e § 3 a* ft , «p tScBJRSIcD«^ £ fflHWf § <r k # 
r-g^o Pi« ic . fiJB*f*©»2 i/>X»*t:, SMic 

(pj§^ofecDffi©u>xffi*^%< k* 2mmwTz>z. 

k#T*SSo IrI«^. IEJB#f*©^5 U>XW*t:, S 
^icft#t^o£fl®<2 W^XB£{J>fc< ksb lfiEHf 
^^W-HU C(0*J5RJCJ:!). ^«*«-?>frJcifl] 

ziiifix-g&o mmiz, iEJBiff*©*3 u>x»*«c, 

Sv^lC|p|g^ofciaBBOb>XBn*'>3&< k^ 
fll»C k S S 36* ft s W(C*d^CDJRSCD«^S: WlfPJ 

[0014] 

W<D^j5lfi©JBJ» ] W©SUjSG©Sfl8 * 121 IB! £ <£ o 
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***©*l*jK«i:»2*«i«l*ip-r. PS#*flfi«© 

G^ «H*f*(OJB2l/>X»G 2 i:, jEfl#f*©^3 
P>Xf¥G 3 ^ *ffl*r*0*4U>X»G 4 i:* IEJBW 

*ffltt#«ffll'>Xffi£S-r. 
[0 0 1 5] *r*l*JiW©!Bl>>X»G l tt, 3 
tt<DIEl/>XL 1 -L3fr5>*So *2l/>X»G 2 tt, 

XL 6 htl/>XL 7 ©[p]^^^a b >XBS**tJCDOBS"T? 

i3 1/>X»G 3 (t 5#£<DIEW>XL 8 ~L 12 ^ 
5>&5, ZEb>XL 8 hIEU>XL 9 . IEl/>XL 9 ^IE 
l/>XL lfl , IEl/>XL 10 hIEU>XL„, IEU>XL 
n^IEb>XL 12 <Dft2)Hv&-5 1/>XH(4, om&ft 
BT'*So l4 1/>XSG 4 (t 3ft(Dlt b>XL 13 - 
L 15 fr*>fc!K AU>XL 13 fcflU>XL I4 ©lRj#>Vv& 
5 l/>Xfflttft£MffiT-&!K ftl/>XL 14 hfli/>X 
L 15 c0|r|*O'&-5 u>Xffl*^icDaBTfeSo S5l/> 
XSPG 5 tt, 7ft©IEU>XL l6 -L22^, H 

b>XL 23 ^, jEL/>XL 24 ^?)^!9x jEUVXLzo© 
r>jiy\W«l/>Xffitt*affi"rft t), EU>XL 16 hiE 
1/>XL 17 , iEl/>XL 18 ^IEb' >XL 19 ©IrI*h^^-5 
U>XfflttftlCflBT**5. SfelBPJROAStt, ^5 
lx >Xi¥G 5 rt©iEU>XL 17 i:iEU>XL 18 (Z)MtciB 

[ 0 0 1 6 ] M§2*JS0I©gl 1 1/>X»G,«\ 3«C0D 
IEU>XL,— L 3 fr£>& D> JEl^VXLjODi/^-^^l/R 
ffl!lU>Xffitt*«ffiT-*S« I2b>XSG z (t 4tS( 
©fib>XL 4 ~L 7 *5*i:!K ib>XL 5 hil/>X 



z(y) = 



y 2 /r 



/t)y 2 /r 2 



L 6 (D|r!#1^5 U>Xffitt««ClHlffiT-fct). Il/>X 
L 6 i:fil/>XL7CDlRl*V^5 U>Xffl*#tfc:[Hffl"Cfc 
3o »3U>XWG 3 tt, 5ft©IEU>XL 8 -L lz ^6 

IElx>XL 9 h.IEP>XL 1 o. IE W >XL 10 i:IE 
l/>XL Ih JEU>XL n ^IE^>XL lz CDfaftH^d 
b>X®(4. ^Tilt)flIt-*5. i4l/>X^G 
4 (4, 3ft©il/>XL,3-L 15 ^^j:?), gl/>XL 

*K gl/>XL 14 h^l/>XL 15 ©fpj^H^^rd U>Xffl 
*ftfclHlffiTaao !f§5 b>X§¥G 5 <4, ai^U7^7«C 
GDIEl' >XL ir L 22 t |l/>XL 23 t IEUVXL 
ZA ti>hti: D> IEb>XL 17 (Z)^^yNWipiJl/>Xffi{4#J$ 
fflT-fet)x Hlx>XL 17 hIElx>XL 18 , IEU>XL 18 
hIEU>XL 19 (Z)fR]^H^o U >XH(£-ft£tafflT*fc 
So *fclHPlR0 AStt, U >Xg¥G 5 f*]CDIEl/> 
XL 17 hIEU>XL 18 ©^£@SK£*lT^£o 
[0 0 17] CCDct9^^Mfi»Ji:*. #»ffiU>Xffi 

U>Xtt»©BO«*EloTV>So CCDJSJH, Sf5l*JE0»J 
T-tt. fiE*«fctfc«LT2 1 . 6%6Dl/>X*«OBB«l 

1. 4%Ol/>X#:*©fiB**aj5RLT^S. 
[0018] WT©i 1 hI2 iC, €tl^tX^ 1,^2 

inn nR. Yum-Ammr»&& Q o> 

Xlt^c] ck ^lflBNo(4U^-^;i/Rfi!J^e©U>Xa 
<Z>#-^\ »2«rtt«b>XBSCDlffi**g, ^3ffid{4 
*U>Xffi*e>«©l/>XffiST-(DHH, Ig4«i4&l/ 

yxo#-^i:u>x«f©ft^*^-ro sfe^i***EP 
*ftufcu>xffi(4*acffi*^u, #acHb>xffito 

(4. 



+ Ay 4 + By 6 +Cy 8 +Dy 10 



r : TM^fl^g 
/c : nffffift 

Ax B , C , D : #»3!I^|S 

[0 0 19] £l£jKffl, £2$jKffli:tu f<X<DU 
[3ESII55] 

NA = 0.60 ^ =0.25 L=1000 
[UVXBtg] 

No r d 

0 od 95.000000 



1. 5 0 8 3 9T*££o t^U>X^Sft«fiA(4, A 
= 2 4 8. 4 nmt-J)5o Sfc, WT©«3«C, Si, 
§!2|*iffiWco^T. - (5) +0^7*- 

[0 0 2 0] 
[SI ] 
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0.100000 
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<&mW- 1 0-3 2 5 9 



40 


161.08253 


25.000000 


L»20 


G 5 


41 


249.08563 


98.969690 






42 


118.40375 


20.000000 


L a 


G 5 


43 


179.37070 


0.968540 






44 


88.27417 


25.000000 


L[>2 


G 5 


45 


217.06775 


5.500000 






46 


oo 


12.000000 


L^3 


G 5 


47 


124.72685 


17.467883 






48 


108.58000 


22.000000 


L24 


G 5 


49 


-1009.70305 


8.657760 






50 


oo 




W 





No = l 



K -0.0 



No=34 /c=0.0 



[0022] 
[153] 



(1) S.D./L 

(2) f,/f< 

(3) fs/L 

(4) f 4 /L 

(5) f,/L 



1 2 
0. 522 0. 530 
0. 867 0. 831 
0. 181 0. 209 

-0. 0558 -0. 0540 

-0. 0484 -0. 0449 

[0023] i2tn mmma>mww.&. #jSyKH, 

ffil»JR*S5*U H3tpj*(fi«J©«iR**S-r. ma 
"f, NAttHQft, Y(iflfeiSS*^-r. *^SJR^H«fjSi» 
To *JRIIBI«fc?>lfle>frfc«fc3fc. Sr5©u>X«J5&£ 

«tt>, *«= (1) ~ (5) ^^fc-rchtct 0. &*5E 

[ 0 0 2 4] 



A = 0. 104005 xlO- 7 B =-0.676866 x 10" 12 

C= 0.235303 xlO" 17 D= 0.483488 x 10" 21 

A= 0.328220X 10" 8 B= 0.596778x lO' 13 

C= 0.870329 xlO" 18 D= 0.355535 x 10' 22 

[Blai<Z>ffi*&Klin 

[ui] -^mn\z.x^w,%^m(Dmi^m,m(D\y>x 

[0 3] Sl^JE0«J©«iR^*^-riR^EI 
[04] S2*ffli0"J©l/>Xfllfi8*^-r»fffi0 



[05] ^2*ffi0>J©acSJR^, #jJSUBUS, SfiiR^* 

[0 6] ^2^SE^Jffl«iRH*^-riRII0 
[^OlftW] 

L,~L M — U->X G,~G 5 -U >XP 

AS-iPSD *-«Ib>XI 



[0 1] 




V 

ttmsp 10-325922 



[H2] 



MA. = 0.60 



Y-13.2 



Y = 13.2 



0.0 



~ I 1 

0.00062 



0.0013 % 



[113] 



Y - 13.2 

^ 0.001 




-0.001 

Y = 12.0 

0.001 

V 


\ 


-0.001 

Y = 10.0 

0.001 

\ 




-0.001 

Y = 7.0 
^ 0.001 


\ 


-0.001 

Y = 4.0 
\ 0.001 


\ 


-0.001 





[116 ] 



Y = 13 2 

^ 0.001 




-0.001 

Y= 12.0 
^ 0.001 


\ 


-0001 

Y= 10.0 

0.001 


\ 


-0.001 

Y = 7.0 

\ 0.001 


\ 


-0,001 

Y=4.0 

^ 0.001 


\ 


-0.001 


\ 
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